
National Aeronautics and Space Administration 
Goddard Space Flight Center 

Contract No. NAS-5-9299 

ST - R W P  - CR - 10449 

DEPOLARIZATION OF COSMIC RADIO EMISSION DUE TO DISPERSION OF 

FARADAY ROTATION OF RADIOWAVE POLARIZATION PLANES 

V. A. Razin 
V. V. Khrulev 

(USSR) 

(THRUI 

a. (CODE) 

(CATEGORY1 

c 

22 FEBRUARY 1966 



ST - Bwp - CR - 10 449 

DEPOLARIZATION OF COSMIC RADIO E M I S S I O N  DUE -__ TO DISPERSIO~ I-I-_---- OF 
FARADAY ROTA!I?ION OF RADIOWAVE POLARIZATION PLANES* 

I V U Z , Radiof iz ika 
Tom 8 ,  No. 6, 1063 -1068, 
fed. Gor'kovakoga Unir. 1965 

S U M M A R Y  

bY 
V. A. R a z h  & 
V. V. Khrulev 

Thia, paper a tudie6 the dapolar izat ion of cosmic r ad io  emission 
caused by the d ispers ion  of F a r a d q  r o t a t i o n  of radiowave po la r i za t ion  
planea and the f i n i t e  width of the  apparatus' pass band. 

General expressions have been derived, which l i n k  the  pos i t ion  
angle and the  degree of polar iza t ion  of radiowaves w i t h  t he  frequency cha- 
r a c t e r i s t i c s  of the receiver .  

i n  the form of foratalas and graph8 f o r  a a e r i e s  of prevalent  c i r c u i t s .  
So long PB the  degree of po lar iza t ion  has a notable  value ( > / 0 . 0 5 ) ,  the  
pos i t i on  angle var i e s  only by a few degree8 when t he  pass band wid th  of 
the  r ece ive r  v a r i e s  by l +  2% o f  resonanoe frequency. 

The r e s u l t s  of ca lcu la t ions  of the degree of po la r i za t ion  are given 

* c  

When the l i n e a r l y  polarized rad io  emission propagates in the i n t e r -  
s t e l l a r  medium, in i n t e rp l ane ta ry  space and t e r r e s t r i a l  ionosphere, the  
po la r i za t ion  planea of radiowaves undergo the r o t a t i o n  phenomenon (Faraday 
e f f e c t ) .  The r o t a t i o n  angle of the  po la r i za t ion  plane i e  inverse ly  propor- 
t i o n a l  t o  the  square of the  frequency; t h i s  is why at  s u f f i c i e n t l y  g rea t  
value of the  Faraday r o t a t i o n  the radiowaves w i t h  frequencies within the 

range of apparatus '  pass  band are  found t o  be polar ized in d i f f e r e n t  planes 
a t  the recept ion  spot ,  and the r a a o  emission is depolarized c1-31. The 

knowledge t o  what ex ten t  t he  polar iza t ion  of cosmic r ad io  emission is then 
decreased is prerequisite f o r  a correc t  s e l e c t i o n  of the wid th  of rece iv ing  
apnaratus '  pass band, p a r t i c u l a r l y  when the polar ized measurements are con- 
ducted by t he  method of l a t t e r ' s  modulation [2  -33.  Besides, knowing the 

- -~ 

Depolyarizat isya koemicheskogo radioizlucheniya iz-za d i s p e r s i i  faradyev- 
skogo vrashcheniya plaekostey p o l g a r i z a t s i i  radiovoln.  



2 .  

dependence of the  degree of po la r i za t ion  on the  pass  band width of the  
apparatus ,  i t  is possible  t o  determine the magnitude of the Faraday ro t a -  
t i o n  of t he  po la r i za t ion  plane of cosmic r ad io  emission over its path 
from the sources  t o  the observer C43. I 

The depolar iza t ion  of r ad io  emission on account of d i spers ion  of 
the Faraday e f f e c t  has  been discussed i n  the works c2 - 51. Several  s implest  
caees were considered i n  these works : t h e  frequency c h a r a c t r i s t i c  of the  

apparatus  waer approximated by the resonance curve of a unique c i r c u i t  [ Z , 3 3 ,  
by the Gaussian curve [4], assumed rec tangular  [ 5 ] ,  and the r a d i a t i o n  in ten-  
s i t y  i n  the  apparatus1 pass  band was a t  the  same time estimated constant.  
This  ques t ion  is aaalyzed in t h i s  work at f u r t h e r  length.  The degree of po- 
l a r i z a t i o n  of radio emission is, in p a r t i c u l a r ,  computed i n  the  assumption 
t h a t  t h e  apparatus '  pass  band is determined by a f e w  cascade6 tuned t o  a 
s i n g l e  frequency, or by groups of  two or t h ree  mutually 

It is r a t h e r  d i f f i c u l t  t o  compute in its general  form the factor  
d e t u e d  cascades. 

determining the depolar iza t ion  of cosmic r a d i o  emission on account of t he  
Faraday e f f e c t  dispers ion,  f o r  t he  po la r i za t ion  planes of rndiowaves i n c i -  
dent  from var ious  d i r ec t ions  within the bounds of the  main lobe of anten- 
na r a d i a t i o n  p a t t e r n  r o t a t e  by various angles. It should however be taken 
i n t o  account t h a t  t he  d i f fe rence  AY of r o t a t i o n  angles  of waves' po la r i -  
za t ion  planee,  w i t h  f requencies  d i f f e r i n g  by A P  is equal  t o  2'l 'dv/t,8 i n  the  
cam when bv << J, , % being the m e a n  frequency) , and is much l e s s  than 'Yo, 
which is  the  r o t a t i o n  angle of the  po la r i za t ion  plane of r ad io  emission with 
frequency J, 'Po a f f e c t  l i t t l e  

the  quan t i ty  4Y.That is why we s h a l l  pos tu l a t e  the  following: 1) i n  the  
Galaxy region the Faraday r o t a t i o n  is absent ;  2) 
p a t t e r n  i e  BO narrow t h a t  t he  d i f fe rence  i n  the r o t a t i o n  angles  of po la r i -  
za t ion  p lanes  of  wave8 i nc iden t  from var ious  d i r e c t i o n s  may be neglected.  
We s h a l l  moreover assume t h a t  the e f f e c t i v e  spectrum width of the  received 
r ad io  emission is 

Differences of t h e  order of one r ad ian  in 

t he  antenna r a d i a t i o n  

( W j , ~ I 4 l  4 v u .  

The Stokes parameters for a l i n e a r l y  polar ized  cosmic r a d i o  emission 



i r ,  the  i n t e r v a l  of f requenciee d~ will be wri t t en  in the form 

d /  = / ( v )  7 ' ( v )  ( f  v ,  

f ld)  - F ( v )  I+) Ut)$!/. ( \ a ) )  t /  . a ,  

d11 = d ( v )  I Y V )  SilI(2;( ( v ) )  Ll?, 

(/ 1' = 0, 

( 1 1  

where F ( 9 )  is the energe t ic  frequency c h a r a c t e r i s t i c  of the rece iv ing  ap- 
paratus ,  T (9) is the  equivalent  br ightness  temperature of the  l i n e a r l y  
polar ized  component of cosmic rad io  emission i n  the frequency 9, x(g)is the 
r a d i a t i o n ' s  pos i t i on  angle i n  the frequency v* The Stokes parameters of 
r a d i o  emission received by t he  apparatus a re  found by way of i n t e g r a t i o n  of 
the  expressions (1) over the  frequency. 

~ ' ( v ) - v " ' ,  where a is  the e ~ p e c t r a l  index, we may wr i t e  the following expres- 
sions for &(J)and T (9) : 

Taking i n t o  account the above aesumptions, and assuming a160 t ha t  

"11  . I  v -  
/11 -a ii y;, - / ' ( a )  

VI I 

where 

L e t  u6 introduce the  denotation 
)Lo and To are  the values of F(*) and T ( J )  i n  t h e  frequency J ~ .  

v - v  __ p l r , ,  .II - - - E  
"I1 

and assume f o r  s impl i c i ty  toe 0. The Stokes i n t e g r a l  parameters may be 
wri t t en  i n  the  form 

When passing t o  the f i n a l  expressions ( 5 )  - (71, i t  w a s  a t m m d  

( 7 )  

t h a t  
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)'(<): i8 an even funct ion,  decreasing s u f f i c i e n t l y  rap id ly  with the increase  
of 1 ( t h i s  allowed t o  estimate the in t eg ra t ion  limits ae 

P 

i n f i n i t e ) .  
Th'e pos i t ion  angle & and the  4egree of po la r i za t ion  of rad io  emission 

are  linked w i t h  the Stokes parameters ( 5 )  + (7) by the  c o r r e l a t i o n s *  

In the  case considered formulas (8) a d  ( 9 )  may be considerably sim- 
p l i f i e d ,  s ince  the parameter U << Q so long as the degree of po la r i za t ion  
of racifo emieeion has  a notiueable value. Let us i l l u s t r a t e  this on examples 
of 
I n  the example w i t h  t h e  n- type frequency c h a r a c t e r i s t i c  F (3) = 1 at  

,A'lfj!2 4 i 5 tA'lr/2 and F (5) E 0 a t  It1 > AV/2, where Ay is t he  d i f fe rence  in 
wave po la r i ea t ion  planesc r o t a t i o n  angles, when the waves have the  extreme 
frequencies  In the  apparatus' pass band (v,, I A v / ~ ) .  

n- type and Gauesian energe t ic  frequency c h a r a c t e r i s t i c s  of the apparatus. 

According t o  formulae 
( 5 )  + (71, 

The r a t i o  

at ' ' V , , ~ l ,  A'lf-1 and a - 3 is much l e s s  than the uni ty ,  as may be e a s i l y  
663811, although the  r ad ia t ion  depolar izat ion is then already manifest on 
account of Faraday diepersion, 

In the example w i t h  the Gaussian frequency c h a r a c t e r i s t i c  of t h e  
apparatus F(E)= c~sp ( ' - -dV) ,  where u2 = v; In 2 , ' a l V ~ ( A v ) z  is the half-width of the 

PaSS band a t  the l e v e l  0,5 by power. In  t h i s  case the r a t i o  is 

[J cz Av 
( A'~')B,R -- , -- -- L- 

Q In2 vn 

* m e  for example 161. 
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Therefore, f o r  the ca lcu la t ion  of the po la r i za t ion  c h a r a c t e r i s t i c s  
of the  r a d i a t i o n  we may use i n s t ead  of formulas (8) and (9) the simpler 
c o r r e l a t i o n s  . 

1 u  
2 Q '  

y, 3 - - 0  

The expression (13) w a s  u t i l i z e d  i n  the work C2]without d e t a i l e d  substan- 
t i a t i o n .  

We compiled in Table 1 t he  r e s u l t s  of ca lcu la t ions  of the depolar i -  
z ing  f ao to r ,  us ing  the formula (13) for a series of frequency charac te r i s -  
t i c s  of the apparatus ind ica t ed  in the  first eolumn of the Table. I n  the  
second column we brought ou t  the expression f o r  the normalized energe t ic  
c h a r a c t e r i s t i c s  of the apparatus. The quant i ty  'd  =- (A\j)&,,, where (Av),,, is 
the  ene rge t i c  pass band width, is equal by the d e f i n i t i o n  t o  ( / : ( , ) d ~ .  

L n  

4 ,  

In the t h i r d  column of Table 1 w e  brought ou t  the formulas determi- 
ning the depolar iza t ion  f a c t o r  P . The quant i ty  is equal t o  d i f fe rence  
i n  the r o t a t i o n  angles  of waves' po lar iza t ion  planes, whose frequencies d i f -  
fe r  by ( A v ) , ~ ~  ' t h a t  is, 

Here I is the e l e c t r o n  concentration ffs the  medium inducing the  r o t a t i o n ;  
i t  must be expressed i n  em-3; and H I I  
magnetic f i e l d  expressed in oersted,  1 
cupied by the  magnetoactive medium i n  the d i r e c t i o n  of r a d i a t i o n  propagation, 
expressed in amtimeters and 3, 

tus ,  expressed I n  cps. We have given in the  las t  column of the Table 1 the 
r a t i o s  of the apparatus '  pass band width a t  0.5 l e v e l  by power t o  t h e  band's 
ene rge t i c  width, allowing t o  pass in formulas f o r  P from ( A V ) ~ , ~  t o  (Av) , , ,~ ,  

f o r  usua l ly  (Avh,!, is  p rec i se ly  the  quant i ty  being measured d i r e c t l y .  
Figures  1 and 2 show how t h e  degree of r ad ia t ion  po la r i za t ion  v a r i e s  

as a funct ion of AY,If the apparatus' pass band 
cascades tuned t o  a s i n g l e  frequency, f o r  the computation of the depolarized 

is t he  long i tud ina l  component of the  
is the  extension of the  region oc- 

i s  the resonance frequency of the  appara- 

is determined by s e v e r a l  
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r a d i a t i o n  on account of the Faraday e f f ec t  d i spers ioa  the  frequency charac- 
t e r i s t i c  of the  apparatue may be approximated by the Gaussian curve. If there  
P a r e  s e v e r a l  groups of mutually-detaned 

cascades, t he  n - t y p e  c h a r a c t e r i s t i c  is 

at s t rong  r ad ia t ion  depolar izat ion (P,<O.O5) 
the values,  computed according t o  formulas 
of Table 1 and p lo t t ed  in Figs. 1 and 2, 
may s t rongly  d i f f e r  from the exact  values,  
which ought t o  be computed by the formula 
( 9 ) .  However, these exact  valuee of P do 
not  o f f e r  i n t e r e s t  because of the  smallness 

- qui te  s a t i s f a c t o r y .  L e t  us underline t h a t  - - -- ---- - -- 
-- --. -- - 

Fig.1. - Dependence of the  
demee of po la r i za t ion  P on AY: of the degree of r a d i a t i o n  polar izat ion.  

L e t  us sti l l  pause on the question 1- two pairs od dis turbed cas- - 
cades; 2 -two t r i p l e t s  of same; 
3- type 'requen'' character- 

of the pos i t i on  angle ' s  dependence on the 

apparatus 's  pase band width. A 6  may be seen irstic. 
from formulas (101, (11) and (121, the va- 

r i a t i o n s  of the angle ?t at  values p 
a f e w  degrees. Thus, t h e  dependence of )L on dJ may usua l ly  be neglected. 

00.5 and A*/~,,-J 107% do not  exceed a 

P I  

, . . - .- . . - . 

Fig. 2. - Dependence of the degree of pola- 

1 - one-circui t  cascade ; 2 - four one-cir- 
c u i t  cascades, tuned t o  a s ing le  frequency; 
3 - Gaussian frequency cha rac t e r i s t i c .  

r i z a t i o n  P on &f: 

Radiphysical I n s t i t u t e  of S c i e n t i f i c  Research Received on 
at  Gor'kly University.  25 June 1965 
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